Abstract: Gelatin-based films containing soy lecithin or Yucca schidigera extract and glycerol as plasticizer were produced by casting and characterized for their mechanical properties, water vapor permeability (WVP), water solubility, opacity and morphology. The addition of glycerol reduced the tensile strength, with a difference of ~ 68% between the values for the minimum and maximum concentrations evaluated, both for the plasticizer and the surfactant. Elongation values reached 52% and 40%, for films containing yucca extract and lecithin, respectively, when higher amounts of plasticizer and surfactant were added. Lower values of WVP were obtained when the intermediate concentration of glycerol (20 g plasticizer/100 g protein) was used, reaching 0.14 and 0.15 g mm/m 2 h kPa, respectively, for films containing yucca extract and lecithin. The solubility was not affected by adding plasticizer and / or surfactants. The morphologies of the inner sections of the films, regardless of type of surfactant used, were compact, without pores or phase separation, indicating efficient incorporation of the compounds added to the protein matrix.
Introduction
Films based on natural macromolecules reduce waste disposal in the environment and the macromolecules sources are renewable and easy to obtain [1] . Among the macromolecules used in film production, proteins are widely used due to their functional properties and the variety of available sources and low production cost, including caseinates, whey protein, wheat gluten and gelatin [2] [3] [4] [5] . Films based on gelatin have good tensile strength and good gas barrier properties, however, due to its hydrophilic nature, they are not efficient as barrier to water vapor. Additionally, the formation of films by solvent evaporation produce an increase of interactions between the protein chains, resulting in rigid films [6] . To increase the flexibility of the films, plasticizers agents are added, generally with hydrophilic character, promoting the reduction of intermolecular forces and increase on the mobility of polymeric chains. Consequently, its extensibility increases, however, contribute negatively to also an increase on water vapor permeability of the films [7, 8] . Surfactants are amphiphilic molecules containing a hydrophobic portion that may produce a decrease on water vapor permeability of hydrophilic films. Soy lecithin is classified as a natural zwitterionic surfactant, and applications of this surfactant include emulsification and film formation [9] . Saponins are soluble in water and have in its structure a steroidal hydrophobic portion or triterpenoid and one or more carbohydrates chains, being considered as surfactants agents [10] . This feature ensures functionality in reducing surface tension of water, with consequent action as detergent, emulsifying and foaming, so it is widely used in food and other industrial applications [10] . Many sources of saponins have been used commercially, but only two are currently permitted as additives in foods: Quillaya saponaria and Yucca Schidigera extracts. They are classified as GRAS (Generally Recognized As Safe) approved by the US Food and Drug Administration as a food additive with a wide commercial application [10, 11] . In addition, yucca extract contains steroidal saponins, a percentage of approximately 10%, and phenolic constituents, like resveratrol with antioxidant activity, also included in the structure yaccaols, characterized by unusual spiro structures, probably derived from a flavonoid skeleton, and a stilbenic portion linked via a γ-lactone ring [11] [12] [13] [14] . Yucca Schidigera grows in Baja California in Mexico as well and in southwestern Nevada and Arizona and central and southern California in the U.S., known as the Mojave Desert [11, 14] . The branches are harvested 
Effect of the addition of soy lecithin and Yucca schidigera extract on the properties of gelatin and glycerol based biodegradable films mature and processed. Are first milled and the resulting solid is dried and processed into powder or mechanically pressed and thermally condensed juice (yucca extract). The concentrate liquid is used in industry refrigerant as flavoring and foaming agent, and in the cosmetic and pharmaceutical industry is used how surfactant and preservative, due to antioxidant activity. The dry powder is the form used for animal feed [11] [12] [13] [14] . Andreuccetti et al. [15, 16] produced films based on gelatin containing hydrophobic plasticizers derived from citric acid and natural surfactants (lecithin or Yucca schidigera extract), by casting. The films showed good mechanical resistance and low permeability to water vapor, however in the formulations studied, the elongation was low indicating that the plasticizers, or surfactants, have not been properly incorporated into the protein matrix, producing films with low elongation values.
Considering the possibility of increasing elongation while maintaining good barrier to water vapor, this study aimed to evaluate the effect of adding natural surfactants, soy lecithin or Yucca schidigera extract, on the functional characteristics of films produced with gelatin associated with glycerol as plasticizer.
Materials and Methods

Raw materials
The following materials were used to produce the films: type A pig hide gelatin (260 bloom) donated by Gelita do Brasil Ltda (São Paulo, SP, Brazil), soy lecithin, Lécet 150M E322, lot LF 1130805T03 donated by Caramuru (São Simão, GO, Brazil), liquid Yucca schidigera extract (Extratonina Food, lot Y-4468) donated by Beraca Sabará Químicos e Ingredientes Ltda. (São Paulo, SP, Brazil), containing 10% of steroidal type saponins, as informed by the manufacturer, and glycerol as plasticizer (Ecibra, São Paulo, SP, Brazil).
Preparation of biodegradable films
The films were prepared by casting using a fixed gelatin concentration of 4 g/100 g of film-forming solution. The surfactants (soy lecithin or Y. schidigera extract) were added in concentrations of 10, 20 and 30 g of surfactant/100 g of glycerol and the plasticizer was added at concentrations of 10, 20 and 30 g of glycerol/100 g of protein.
For the preparation of the film-forming solution, the gelatin was hydrated at room temperature (25 ± 2 °C) for 30 minutes, followed by dissolution at 55 °C for 15 minutes. The lecithin was dissolved in ethanol (20 mL/100 g of filmogenic solution) and maintained under magnetic stirring (2 hours, room temperature). The yucca extract was dissolved in distilled water (20 mL/100 g of filmogenic solution) at room temperature, and then mixed manually. Glycerol was added and the film forming solution (gelatin + surfactant + plasticizer) homogenized at 10,000 rpm for 1 minute using a homogenizer (UltraTurrax IKA, T18, Werke, Germany). The filmogenic solution obtained was dispersed on acrylic glass plates (14 cm diameter) and maintained at room temperature to dry. The time require to dry the films was visually determined to obtain an easy peeling from the plates and it was approximately of 12 hours. After drying and before characterization, films were maintained in desiccators (25 ± 2 °C, 50 ± 2% RH, Mg (NO 3 ) 2 6 H 2 O) for 3 days. The film thickness was determined using a Mytutoyo Corp. digital micrometer (Tokyo, Japan), by calculating the average of 10 random measurements.
Mechanical properties
The tensile strength (TS, MPa) and percent elongation (E, %) of the films (100 X 25 mm samples) were determined using a TA-XT2 texturometer (TA Instruments, Newcastle, USA) according to the ASTM D882-95 method [17] with 10 replicates. The initial distance of separation and velocity were adjusted to 50 mm and 1 mm/s respectively, with a 5 kg load cell.
Water vapor permeability
The water vapor permeability (g mm/m 2 h kPa) was determined at 25 ± 2 °C according to the ASTM E96-95 method [18] . All the determinations were made in triplicate. The cells were filled with anhydrous calcium chloride (0% RH), covered with the conditioned films, sealed and placed in desiccators containing a saturated NaCl solution (75 ± 3% RH). The samples were weighed five times during a period of 48 hours, and the data were recorded on a graph of weight gain versus time. The slope of the straight line obtained by linear regression was determined, and the WVP calculated using Equation 1. 
Where (w/t) is the slope of the linear regression line, (x) is the average thickness of the material (mm), (A) is the permeation area (m 2 ), (Po) is the water vapor partial pressure at 25 °C (kPa) and (RH 1 -RH 2 ) is the relative humidity gradient.
Water solubility and moisture content
Solubility of the films (2 cm discs) was determined according to the method of Gontard et al. [19] after 24 hours of immersion in distilled water (50 mL), with slow stirring (Shaker Marconi-MA141, São Paulo, Brazil) and at room temperature (25 ± 2 °C). Samples were then removed from the solution and dried in a forced air oven (105 °C, 24 hours). The initial mass was determined from the sample moisture (gravimetric analysis) and the difference in weight used to calculate the water-soluble matter as a percentage of the initial weight. All determinations were made in triplicate.
Opacity and b* value
The film opacity was determined using a Hunterlab colorimeter (COLORQUEST II, Reston, VA, USA) according to the ASTM D 523 method [20] , using a D65 daylight source. The determinations were carried out in triplicate after calibration of the equipment using standard black and white backgrounds. Opacity was determined according to Equation 2.
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Op 100
Where Op representing the percent opacity of the film, O pb representing the opacity of the film against a black background, and O pw representing the opacity of the film against a white background. The Hunter parameter b* (-b*, blueness to +b*, yellowness) was measured according to the standard test method ASTM D 1925 [21] in, at least, three positions randomly selected for each sample.
Scanning electron microscopy
The films were conditioned in desiccators containing silica gel (25 °C) for a period of 7 days and then fractured in liquid nitrogen. The fractured samples were coated with gold in a POLARON SC7620 sputter coater (Ringmer, UK) at 3 to 5 mA for 180 seconds, and morphological observations of the film surface and internal structure were carried out using a LEO 440i scanning electron microscope (Cambridge, UK) at 5 kV.
Statistical analysis
The statistical analysis was carried out using SAS for Windows Version 8.0 (Cary, N.C., USA) and the differences between the means determined using Tukey multiple tests at a 95% confidence level.
Results and Discussion
All the evaluated films were visually homogeneous with no phase separation and the average thickness obtained was 43.0 ± 5.0 µm for films containing lecithin and 48.6 ± 8.2 µm for films containing yucca extract.
Mechanical properties
An increase in glycerol concentration, regardless of the concentration and type of surfactant, decreased TS (Figure 1 ), due to increased mobility of the polymeric matrix. On the other hand, only for high plasticizer concentration (30g of plasticizer/100g of protein) the increase in surfactant concentration (Yucca extract or lecithin) resulted in a decrease of TS (Figure 1) , possibly due to greater interaction between hydrophilic part of surfactants and glycerol. Rodríguez et al. [22] found similar behavior in films based on potato starch, glycerol and surfactants, where an increasing in the plasticizer concentration resulted in a significant decrease in TS. These authors observed a synergistic effect between glycerol and the surfactants used (Tween 20, Span 80 and soy lecithin) reporting that films containing high concentrations of surfactants, and low amounts of glycerol, showed plastic behavior, with low values of TS and high percentage of elongation. According to these authors, the hydrophilic part of the surfactants could be interacting with glycerol to facilitate its insertion in the polymeric matrix.
The use of glycerol as plasticizer produced films with maximum of 52.3% and 41.2% of elongation, when associated with yucca extract and lecithin, respectively (Table 1) , being higher than the values observed when these surfactants were used in combination with hydrophobic plasticizers [15, 16] . Higher elongations, compared to those obtained in this work, have been reported previously in the literature, combining gelatin and glycerol, as plasticizer agent, for film production without the addition of surfactants [5, 23] . The results confirm the absence of plasticization due to the inclusion of the surfactants used, as previously observed when films based on gelatin and the same surfactants, were produced and characterized [24] . 
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Water vapor permeability (WVP)
The lowest values for WVP were observed with films containing 30 g of surfactant/100 g plasticizer and 20 g glycerol/100 g protein, showing WVP values of 0.14 and 0.15 g mm/m 2 h kPa, for films containing yucca extract and lecithin, respectively (Figure 2) . When 10 or 20 g of surfactant/100 g of plasticizer were used, regardless of glycerol concentration associated (data not showed), WVP didn't show significant differences, varying between 0.22 to 0.29 g mm/m 2 h kPa, and from 0.21 and 0.24 g mm/m 2 h kPa for films containing yucca extract or lecithin, respectively.
The use of glycerol in film formulations, usually decrease the intermolecular attraction, increasing the polymeric mobility and also the migration of molecules of water vapor through the film [25, 26] . However, the addition of substances with hydrophobic characteristics, such as the surfactants used in this study, allowed the reduction of WVP at intermediate concentration of glycerol (20 g plasticizer/100 g protein) indicating that when associated with surfactants, moderate amounts of glycerol can act as a barrier to water vapor. The WVP decrease with the incorporation of substances of non polar nature was observed previously [27, 28] . A decrease in WVP due to the inclusion of surfactants was also observed by Rodríguez et al. [22] in films based on starch, with WVP values ranging between 1 to 2.5 g mm/m 2 h kPa.
Solubility in water and moisture content
The concentrations of surfactants and plasticizers evaluated did not show significant differences (p > 0.05) in the solubility values and, when comparing the difference between the surfactants, for the same formulation, there were also no significant differences between them ( Table 1 ). The percentage of solubility ranged from 36.5 to 44.4% for films containing yucca extract, and from 36.5 to 55.2% for films containing lecithin. The moisture content of the films containing yucca or lecithin also showed no significant differences due to different concentrations of glycerol and surfactants evaluated, with values ranging between approximately 6-10% for moisture content (Table 1) .
It was expected that the inclusion of compounds with hydrophobic characteristics could reduce the solubility of the films, or the addition of the plasticizer with hydrophilic nature could promote the increase in solubility values, but these behaviors were not observed in this study. Gontard et al. [19] suggested that the increase in solubility due to the addition of compounds with hydrophobic characteristics is due to the breakage of intermolecular bonds of the protein network, and subsequent formation of weak interactions with hydrophobic substances, resulting in structural instability and making films, in that case, more soluble.
The combined interaction of surfactant, regardless of the type evaluated, with the glycerol, produced partially soluble films, although, the addition of these compounds has produced films significantly less soluble, compared to gelatin films, that showed solubility value of 88% [27] .
Opacity and b* value
The opacity of simple films based on gelatin was around 12.7% [29] ,and comparatively, the inclusion of surfactants produced more opaque films (Table 2) .
Opacity increase depended on surfactant type; films containing lecithin were slightly more opaque than films made with yucca extract, however, the addition 
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of surfactants, regardless of the type used, did not significantly alter the opacity values. The increased levels of surfactant tend to increase b* values, being the more pronounced effect observed for films containing yucca extract. The same effect observed before in gelatin-based films added with the same surfactants [24] . Tween 80 was used as emulsifier into carboxymethyl cellulose films containing glycerol and oleic acid, and it was observed that an increasing on oleic acid content increased b values of the films. This effect could be attributed to the coalescence and creaming of lipids droplets during the film drying [30] .
Scanning electron microscopy
For the study of the morphology of the films, formulations with lower concentrations of plasticizer (10%) and surfactant (10%), higher concentrations of plasticizer (30%) and surfactant (30%) and formulation that resulted in films with the lowest WVP values (20% of plasticizer and 30% of surfactant) were chosen. The films surfaces micrographs produced with both, yucca extract (Figures 3a, c, e) and lecithin (Figures 4a, c, e) showed no significant differences due to increased concentrations of plasticizer and/or surfactant. The surfaces were 
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homogeneous and regular, with no brittle zones, and no superficial globules, indicating that there was good compatibility and incorporation of the compounds added to the protein matrix. It is observed that in the cross sections of films containing yucca extract (Figures 3b, d, f) there are no pores, no indication of phase separation, and a compact and homogeneous structure, regardless of the concentrations of surfactant or plasticizer evaluated. For films containing lecithin, in cross sections (Figures 4b, d, f) , it was observed a compact structure, but more irregular when compared to the inner sections of the films made with yucca extract.
Conclusions
The use of glycerol as plasticizer produced values of elongation of 52.3% and 41.2% for films based on gelatin, containing yucca extract and lecithin, respectively. However, the values of tensile strength were significantly reduced for these conditions reproducing the behavior reported in the literature, additionally, the combination 
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of glycerol and plasticizers produced lowering of WVP, an opposite effect to that observed in the literature for films based on gelatin and glycerol without surfactants.
In the intermediate concentration of glycerol (20 g plasticizer/100 g protein), the simultaneous addition of surfactants has reduced the WVP for minimum values of 0.14 and 0.15 g mm/m 2 h kPa, respectively, for films containing yucca extract and lecithin. The films showed homogeneous surface and inner section compact and cohesive.
Films reasonably strong, flexible and with low permeability to water vapor, were obtained in this study, indicating that the addition of new surfactants associated to plasticizers normally used in the production of edible films/biodegradable, should be investigated.
